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(54) LIMULUS LYSATE HAVING IMPROVED CAPACITY 
TO PRECIPITATE IN THE PRESENCE OF LOW ENDOTOXIN 
CONCENTRATIONS 

(71) We, BAXTER TRAVENOL LABORATORIES, INC., (formerly 
Baxter Laboratories Inc.), a Corporation organized and existing under the laws of 
the State of Delaware, United States of America of One Baxter Parkway, 
Deerfield, Illinois 60015, United States of America, do hereby declare the 
5 invention for which we pray that a Patent may be granted to us and the method by 5 

which it is to be performed, to be particularly described in and by the following 

statement^ frc ntJ been discusse( j in t h e published literature, for example, 
Thrombos. Diath. Hemorrhage. Vol 23. Pages 170-181 (1970). the amoebocyte 

in blood cells of members of the genus Limulus, and particularly Limulus polyphemus. 10 
the horseshoe crab, form clots when placed in contact with pyrogen such as 
bacterial endotoxin. These amoebocyte cells provide an effective blood clotting 
mechanism to an injured horseshoe crab, thereby preventing further proliferation 
and migration of bacteria into other parts of the body. . 

1S At the present time, in vivo pyrogen testing of parenteral solutions is 15 

performed in rabbits. Such a test program is very expensive and difficult to 

^^considerable amount of research has been invested in the use of Limulus 
amoebocytes, after lysing them in water or the like to rupture the cells, as a 
substitute testing means for pyrogens and sterile products. One typical summary of 
such recent work with Limulus is found in the Bulletin of the Parenteral Drug 
Association. Vol 27. No. 3, Pages 39—148, May-June 1973. 

Typically, the Limulus amoebocyte cells are lysed by placing them m distilled 
water, or by any other convenient means for rupturing the blood cells. Following 
this the resulting solution is filtered and centrifuged, to remove solids such as cell & 
wall fragments and the like, to yield a protein solution, commonly referred to as 
Limulus lysate. This protein solution (Limulus lysate) is conventionally used to 
detect bacterial endotoxin by bringing it into contact with the material to be tested 
and observing whether or not a clot of protein is formed which has certain 
30 minimum standards of stability. ..... ^ * k ♦ ♦..u^ : n 

One typical testing standard for stability of the clot is to invert the test tube in 
which the dot is formed by 180°. If the clot remains intact, a positive endotoxin 
reaction is recorded. If the clot breaks up, or no intact clot is ever formed, a 
negative endotoxin reaction is recorded. 1C 
35 Pure Limulus lysate in sterile water tends to have a lower degree of sensitivity 

to the presence of endotoxin (no lower than 1 .56 nanograms of endotoxin per ml.) 
than the sensitivity of the U.S.P. rabbit test for large volume parenteral solutions 
(down to 0.097 nanogram of endotoxin per ml.) and thus is usually not suitable for 
pyrogen testing of such solutions. While certain additives have been previously 
40 provided to the Limulus lysate solution to improve the stability of the lysate and the 40 
like (E. Thye Yin, et al t Biochem. Biophys. Acta, 261 (1972). Pages 284—289), there 
has been no report of the sensitivity of any prior art Limulus lysate becoming equal 
to that of the U.S.P. rabbit test for large volume parenteral solutions. Calcium has 
been added as a "potentiator", without achieving the desired sensitivity 
45 (Marchalonis. eu al. Journal of Molecular Biology 32(2). Pages 453— 465 (1968)). 45 
In accordance with this invention, various additive materials are disclosed 
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which increase the sensitivity of Limulus lysate, frequently to a level _ which equals 
and even can exceed the endotoxin sensitivity which is available by the U.S.P. 
Sbft test for "ree volume parenteral solutions. The capacity for Lmulus lysate 
solutU o precfpitate in the presence of extremely low concentrations of 
endotoxin k achieved by providing to the solution a catalytic concentration of one 
or". twre of the following ingredients: imidazole, manganese ions, Cleland s reagent 
^nd othefequiva lent organic disulfhydryl compounds strontium ions barmm mns, 
Ssteine and other equivalent organic monosulfhydryl compounds ox ^lithium ions 
It is generally preferred for the materials specified above to be present ^in the 
Llmulu! lysate [ solution in the following concentrations, expressed in terms of 
moles per liter of lysate solution. 

Imidazole (commercially 0.004 to 0.4 mole per liter, 

available from the and preferably 0.01 to 0.3 

Eastman Kodak Co.) mole per litre. 

Maneanese preferably in the Mn + + form — 

Manganese g m tQ Q { mQ]s ^ 

and preferably 0.01 to 0.04 
mole per liter. 

Cleland's reagent (dithiothreitol) 0.00005 to 0.0005 molepcr 

(commercially available liter ajnd preferably > 0.0001 

from Sigma Chemical Co., to 0.0003 mole per liter. 

St. Louis, Missouri) 

to 0.3 mole per liter. 

Barium Ions (Ba ++ ) generally 0.005 to 0.3 mole 

v per liter, and preferably 

in the presence of well- 
known u Tris" buffer to provide 
apH of7to!0. 

Cysteine generally 0.005 to 0.3 mole 

J per liter. 

UH_ Ions (U-, 

to 0.1 5 mole per liter. 

Magnesium ions by themselves provide excellenl .sensitization of the Limuluij 
nrotein especially in the presence of no more than 0.1 mole per liter of sodium 
fon ^ which tend Ito act as P a suppressant of the catalytic effect of magnesium and 
generally tend to suppress the sensitivity of the lysate protein to endotoxin ever i n 
the presence of other catalysts. Preferably from 0.05 to 0.3 mole of Mg + ions are 
present per liter of solution. It is also preferred to avoud the use of 
nydroxyafkylamines in conjunction with magnesium ons. In the T^ Yin utic e 
cfted above, "Tris" buffer, which is a hydroxyzine has been used in 
combination with magnesium ions in the presence of about 0 15 ^ molar 
concentration of sodium ions. Both of these materials can suppress the excellent 

^&etSg.i n SStaffi cSyst of this invention is utilized in the Itog* 
lysate solution in combination with Li ++ ions, Mg+ + ions, IThioglycollate] jons 
which may be added in the form of an alkali metal thioglycollate such as sodium 
Eglyconate), or Sr" ions. Combinations of these ons with imidazole, which 
uppers to act as a buffering agent, provide a Particularly hf sens.t.vrty on the 
nart of the Limulus lysate to the presence of endotoxin, hor example, in 
conjunction with the above preferred concentration range of imidazoles .excellent 

tu . J . i.. ; i .....it* onn v«» nhtnineH hv the addition of 0.005 to 0.3 

fthe 
and 
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A particularly excellent combination is found when imidazole and Mg+ + ions 
are added in their above preferred concentrations, and [thioglycollate] ions are 
likewise added in a concentration of from 0.0005 to 0.008 mole per liter of solution. 
Particularly superior results are usually obtained when from 0.02 to 0.03 mole of 
Mg ++ ions; 0.02 to 0.03 mole of imidazole; and 0.00 1 to 0.002 mole of 
[thioglycollate]- ions are present per liter of solution. 

Similarly, from 0.001 to 0.01 mole of [thioglycollate]- ions may be combined 
with the above concentration ranges of imidzoie for improved results. Also, from 
0 005 to 0.3 mole of Sr ++ ions and preferably (rom 0.02 to 0.15 mole of Sr ++ ions, 
per liter of solution, may be added to an imidazole solution to improve the 
performance over imidazole alone. 

The above positively-charged ions may be added to the solution as their 
respective chlorides, although there has been no experimental evidence to show 
that the particular anion selected is absolutely critical, except that one should 
avoid anions which would tend to cause unfavorable side reactions with the 
Limulus lysate protein, or which render the lithium, magnesium, or strontium 
cations insoluble, or the like. t 

The use of the term "catalyst" herein is not intended to imply that the agents 
of this invention are true catalysts in the precise chemical sense, that is, where 
catalysts are not considered to be reactants. In this invention, where the 
mechanism of the action of these "catalysts" on Limulus lysate is not precisely 
understood, it is possible that the materials or agents disclosed herein as being 
"catalysts" may also be reactants. Therefore, the terms "catalyst" or "sensitizing 
agent" are used herein to mean a substance capable of providing improved 
capacity (or sensitivity) for Limulus lysate solution to precipitate in the presence of 
extremely low concentration of endotoxin. 

Manganese ions, particularly in the Mn** ions, have also been found to be, 
active to potentiate the sensitivity of Limulus lysate. The manganese ions are 
typically added in the form of manganese chloride, although, as stated above, no 
particular criticality of the anion has been noted except for the obvious need to 
avoid insolubilizing anions and those which cause unfavorable side reactions. 

Cleland's reagent is a material which is readily commercially available, and 
which increases the sensitivity of Limulus lysate, particularly when used in the 
concentrations specified above. It is believed that other organic disulfhydry! 
compounds will also perform equivaiently. m 

Strontium ions (Sr ++ ) give particular excellent results, particularly when used 
in the concentrations prescribed above. The chloride of strontium is typically 
used, but other anions are available as well, subject to the restrictions described 

Barium ions (Ba^) are particularly useful in combination with the weli- 
known and commercially available "Tris" buffer (tns 
[hydroxymethyljaminomethane) and equivalent buffering agents, especially when 
the buffer is present in a concentration to provide a pH of about 7 to 10. 

Cysteine, and equivalent sulfhydryl materials, (i.e., other organic 
monosulfhydryl compounds such as glutathione, an alkali metal thioglycollate, or 
thiouracil) exhibit a capacity to sensitize Limulus lysate, particularly m the 
concentrations specified above. Satisfactory results have also been obtained when 
commercially available cystein hydrochloride is neutralized to about pH 6 to 10 
with an alkali material such as sodium hydroxide, potassium carbonate, tetrabutyl- 
ammonium hydroxide or the like. . 

In particular, excellent results are obtained by the use in the Limulus lysate 
solution of 0.02 to 0.2 per cent by weight of a sulfhydryl-containing compound 
such as cysteine or an alkali metal thioglycollate salt, or 2-thioamino uracil, plus 
from 0.2 to 2 per cent by weight of a water soluble magnesium salt such as 
magnesium chloride. Once again, the anion of the magnesium salt is not seen to be 




chloride. . . 

Lithium ions, such as can be provided by lithium chloride or a similar lithium 
salt having a soluble, non-interfering anion, are also effective for increasing the 
sensitivity of the Limulus lysate, particularly in the concentration of 0.01 to 0.2 
mole of Li + ions per litre of Limulus lysate solution and especially when used 
together with imidazole. , 

The catalytic or sensitizing agents of this invention are conveniently utilized 
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Ty r,« them >«^™^%^*<^&£!lT& 

grams/100 cc. 

Atlantic Ocean horseshoe crabsTltL PoM*™) J^ldS 

gfflSSSSSS&fc *m BBS 

sealed section, to remove *e needle. d d balanced as necessary with 

Two bags prepared .as snown were ™ a f £ minutes at a 1>0 00 

weights and then spun m a Sorvall RC3 « nt ntuge tor s ^ ^ 

thC HKg rC £ one d o S ^e e two.stenle access 

blood bags w g as entered with "^JJffi" "J^Ji S &W3gWee£ 



170 micron filter. 
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The filter residue remaining behind in the filter is unwanted material which 
has precipitated during the freezing step. The filtrate then is typ'cally filtered once 
again through another filter (a Millipore (Registered Trade Mark) ype AP25 
pf efilter having a nominal pore size of 1.5 microns) followed by filtration w t i a 
Millipore membrane filter, stated to have an absolute pore size of 1 .2 ^microns 5 
and a nominal pore size of less than that. A nominal pore size is defined as that 
pore diameter which removes at least 98 per cent of all particles of the size stated. 
P Priorto use, all filters are rinsed with 1 liter of sterile, non-pyrogemc water. 
The last filtration steps proceed by pressurizing the lysate solution upstream of the 
filter with approximate^ 2 lbs. of nitrogen gas pressure. Alternately, vacuum in 10 
the collection vessel can be used to facilitate filtration 

After the last filtering step, the solution is sub-divided into 2.0 ml. ahquots 
which are placed in 6 ml. vials or test tubes, which have been f thoroughly washed 
with sterile pyrogen-free water, and depyrogenated at 245°C. for 4 hours. The test 
tubes are then conveniently sealed and shelf-frozen in a lyophilization machine 15 
(Virtis Lyophilizer), and allowed to freeze-dry until a dry powder remains. 

Reconstitution And Preparation of Limulus 
Lysate Solution Of Improved Sensitivity 
A number of test tubes prepared in the manner described above were each 
20 reconstituted as a solution by the addition of 5 ml. of one of the solutions described w 

bel °To calibrate each sample of the Limulus lysate solution so produced, the 
following tests were performed with respect to each sample. 

To each of a series of empty test tubes, excepting the first tube of each 
25 series, 0?1 ml. of non-pyrogenic water was added. To the first tube there was 25 
added 0.2 ml. of E. coli standard endotoxin solution (commercially available from 
Difco Laboratories, Detroit, Michigan). The concentration of the , E. coh 
endotoxin used was 100 nanograms of endotoxin per ml Following this 0.1 I n . of 
solution from the first tube was added to the second tube; and 0.1 ml. of solution 
30 fo the second tube was added to the third tube; with this process being continued 
o form a series of successive test solutions, each containing one-half of the 
concentration of the previous test solutions, so that the twentieth and last test 
solution contained 0.00019 nanogram of endotoxin per ml. 

To each of a selected range of the resulting tubes of solution, there was added 
35 0.1 ml. or a reconstituted lysate solution described below ^ 
The series of tubes were then incubated at 37°C. for 60 minutes. Each tube 
was then inverted, and the presence or an absence or an intact protein clot was 
noted The presence or a protein clot capable of remaining together upon gentle 
inversion of the test tube was an indication or a positive sensing reaction of the ^ 

40 end Ts"s n hoL th in ly the e tabIe below, the nature of the reconstituted solution 
significantly affected the endotoxin sensitivity or the lysate. The table shows 
various or the reconstituting solutions which were tested, and lists For each case 
the most dilute endotoxin solution that was capable or causing a positive solid clot 
reaction by the Limulus lysate, after reconstitution in the specific solutions listed 

bCl ° For the purposes of comparison, the U.S.P. rabbit test for large volume 
parenteral solutions usually has a detection limit or about 0.097 nanogram ot 
endotoxin per ml. (Solution No. II). 



30 



45 



1,502,795 



6 



TABLE I 



Description of Reconstituting 
Solution Used 



Lowest Concentration of Endo- 
toxin Solution Capable of 
Producing A Positive Solid Clot 
Reaction (nanograms/ml.) 



0.9 weight per cent sodium 
chloride (control) 

0.085 weight per cent 
L cysteine . HCl 

0.1 weight percent 
L cysteine 

0.001 weight per cent 
Cleland's reagent. 

0.2 weight per cent 
2-thio-6-amino uracil 

An equal volume mixture of 
I weight per cent magnesium 
chloride solution and 0.085 
weight per cent L-cysteme • HCl 

An equal volume solution mixture 
of 1 weight per cent magnesium 
chloride solution and 0.1 weight 
per cent of L-cystetne. 

An equal volume mixture of 1 
weight per cent magnesium 
chloride solution and 0,1 weight 
percent sodium thioglycollate 
solution. 

A 3:2 volume ratio mixture of I 
weight per cent mangesium 
chloride solution and 0.1 weight 
per cent sodium thioglycollate 
solution. 

A solution mixture of 2 parts 
by volume of 1 weight per cent 
magnesium chloride solution; 1 
part by volume of 0.9 weight 
per cent calcium chloride 
solution, and i part by volume 
0.85 weight per cent 
L-cysteine • HCL 

An equal volume solution of 1 
weicht percent magnesium sulfate 
solution and 0.2 weight per cent 
2-thio-6-amino uracil. 

0. 1 weight per cent sodium 
thioglycollate. 



1.56 (Solution No. 7) 

0.39 (Solution No. 9) 

0.195 (Solution No. 10) 

0.39 (Solution No. 9) 

0.195 (Solution No. 10) 

0.097 (Solution No. 11) 

0.097 (Solution No. 11) 



0.097 (Solution No. 11) 

and sometimes 
0.048 (Solution No. 12) 



0,195 (Solution No. 10) 



0.195 (Solution No. 10) 

0.195 (Solution No. 10) 
0.39 (Solution No. 9) 



Example 2. 

Further samples of a different batch of lyophilized Limulus lysate, prepared as 
in Example 1, were reconstituted in the manner of Example 1 with 2 ml. or 
reconstkSting solution consisting of 80 volume per cent of sterile water and 20 
volume ; pei ctnt of 0.13 M imidazole buffer (pH 6.8), and also including additional 
additives in the concentrations indicated in Table II below: 

TABLE II 



Description of Additional 
Additive in the Reconstituting 
Solution Used 



Lowest Concentration of Endotoxin 
Solution Capable of Producting A 
Positive Solid Clot Reaction 
(nanograms/ml.) 



Sterile water (control}— 
no imidazole. 



No additive — only 
imidazole. 

Lithium chloride at 0.1 M 
concentration. 



Lithium chloride at 0.05 M 
concentration. 

Lithium chloride at 0.025 M 
concentration. 

Lithium chloride at 0.0125 M 
concentration. 

Magnesium chloride at a 
concentration of 0.2 M 

Magnesium chloride at a 
concentration ofO.l M 

Magnesium chloride at a 
concentration of 0.05 M 

Magnesium chloride at a 
concentration of 0.025 M 

Magnesium chloride at a 
concentration of 0.125 M 

Magnesium chloride at a 
concentration of 0.00625 M. 



3.12 


(Solution No. 6), 




and sometimes 


1.56 


(Solution No. 7) 


0.195 


(Solution No. 10) 


0.097 


(Solution No. 11) 




and sometimes 


0.048 


(Solution No. 12) 


0.097 


(Solution No. 11) 


0.097 


(Solution No. 11) 


0.097 


(Solution No. 11) 


0.097 


(SolutionNo.il)* 


0.097 


(Solution No. 11)* 


0.048 


(Solution No. 12) 


0.048 


(Solution No. 12) 


0.048 


(Solution No. 12) 


0.097 


(Solution No. 11)* 



•Repeat of this experiment on 0.12 M sterile imidazole solution (instead of 0.13 M 
solution) ( P H 707) resulted in a positive clot reaction at an endotoxin 
concentration of 0.048 nanogram/ml. (Solution No. 12). 
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TABLE II .Continued 



Description of Additional 
Additive in the Reconstituting 
Solution Used 



Lowest Concentration of Endotoxin 
Solution Capable of Producting A 
Positive Solid Clot Reaction 
(nanograms/ml.) 



Strontium chloride at a concentra- 
tion of 0.2 M. 

Strontium chloride at a concentra- 
tion of 0.1 M 

Strontium chloride at a concentra- 
tion of 0.05 M 

Strontium chloride at a concentra- 
tion of 0.025 M. 

Strontium chloride at a concentra- 
tion of 0.01 25 M. 



0.097 (SoIutionNo.il)** 

0.048 (Solution No. 12)** 

0.048 (Solution No. 12) 

0.097 (SolutionNo.il) 
0.048 (Solution No. 12) 



Example 3. 

Further samples of Iyophilized Limulus lysate, prepared as in Example 1, were 
reconstituted in the manner of Example 1 with 2 ml. of reconstituting solution 
comprising 0.12 M imidazole solution (pH 7.04), and also including additional 
ingredients in the concentrations indicated in Table III below. 

TABLE III 



Description of Additional 
Ingredients of Reconstituting 
Solution Used (molar concentration) 



Lowest Concentration of Endotoxin 
Solution Capable of Producing A 
Positive Solid Clot Reaction 
(Nanograms/ml.) 



No additive — only imidazole. 
0.005 M sodium thioglycollate 
0.0025 M sodium thioglycollate 
0.00125 M sodium thioglycollate 



0.097 (Solution No. 11) 

0.048 (Solution No. 12) 

0.048 (Solution No. 12) 

0.048 (Solution No. 12) 



Example 4. 

Further samples of Iyophilized Limulus lysate, prepared as in Example 1 with 2 
ml. of various reconstituting solutions as described below. The endotoxin 
sensitivity of the resulting products is as shown below: 



** Repeat of this experiment in-0.12 M sterile imidazole solution (instead of 0.13 M 
solution) (pH 7.23) resulted in a positive clot reaction at an endotoxin concentra- 
tion of 0.025 nanogram/ml. (Solution No. 13). 
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TABLE IV 



Description of Reconstituting 
Solution Used 



Lowest Concentration of Endotoxin 
Solution Capable of Producing A 
Positive Solid Clot Reaction 
(Nanograms/ml.) 



Sterile Water 



Magnesium chloride atO.l M 
concentration; imidazole at 
0.1 M concentration, and 
sodium thioglycollate at 
0.005 M concentration. 

Magnesium chloride at 0.05 M 
concentration; imidazole at 
0.05 M concentration; and 
sodium thioglycollate at 
0.0025 M concentration. 

Magnesium chloride at 0.025 M 
concentration; imidazole at 
0.025 M concentration; and 
sodium thioglycollate at 0.00125 M 
concentration. 

Magnesium chloride at 0.0125 M 
concentration; imidazole at 

0.0125 M concentration; and 
sodium thioglycollate at 
0.000625 M concentration. 

Magnesium chloride at 0.05 M 
concentration; lithium chloride 
at 0.05 M concentration; and 
imidazole at 0.05 M concentration. 

Magnesium chloride at 0.025 M 
concentration; lithium chloride 
at 0.025 M concentration; and 
imidazole at 0.025 ml. concen- 
tration. 

Magnesium chloride at 0. 1 M 
concentration; lithium chloride 
at 0.1 M concentration; imidazole 
atO.l M concentration; and 
sodium thioglycollate at 0.005 M 
concentration. 

Magnesium chloride at 0.05 M 
concentration; lithium chloride 
at 0.05 M concentration; imidazole 
at 0.5 M concentration; and 
sodium thioglycollate at 0.0005 M 
concentration. 



A concentration of 0.78 
(Solution No. 8) failed to 
produce a positive reaction. 



0.195 (Solution No. 10) 

0.097 (Solution No. 11) 

0.048 (Solution No. 12) 

0.195 (Solution No. 10) 



0.097 (Solution No. 11) 



0.097 (Solution No. 1 1) 



0.097 (Solution No. II) 



0.097 (Solution No. II) 
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TABLE IV 



Description of Reconstituting 
Solution Used 



Lowest Concentration of Endotoxin 
Solution Capable of Producing A 
Positive Solid Clot Reaction 
(Nanograms/ml.) 



Magnesium chloride at 0.025 M 
concentration; lithium chloride 
at 0.025 M concentration; 
imidazole at 0.025 M concentra- 
tion; and sodium thioglycollate 
at 0.00125 M concentration 

Lithium chloride at 0.1 M 
concentration; imidazole at 0 J M 
concentration; and sodium thio- 
glycollate at 0.005 M concentra- 
tion 

Cleland's reagent at 0.0005 M 
concentration 

Cleiand's reagent at 0.00025 M 
concentration 

Cleiand's reagent at 0.0000625 M 
concentration 

Cleiand's reagent at a 
concentration of 0.00025 M; 
magnesium chloride at a 
concentration of 0.05 M; and 
"Tris" buffer at a concentration 
of 0.00625 M. 

Cleiand's reagent at a 0.000125 M 
concentration; "Tris" buffer at a 
0.00312 M concentration; and 
magnesium chloride at a 0.025 M 
concentration. 

Manganous (Mn ++ ) chloride at a 
concentration of 0.05 M. 

Manganous chloride at a 
concentration of 0.025 M. 

Manganous chloride at a 
concentration of 0.0125 M 

Manganous chloride at a 
concentration of 0.00625 M. 

Manganous chloride at a 
concentration of 0.1 M and 
imidazole at a concentration 
of0.l25M. 



0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.195 (Solution No. 10) 

0.097 (Solution No. 11) 

0.195 (Solution No. 10) 



0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.195 (Solution No. 10) 

0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.195 (Solution No. 10) 

0.097 (Solution No, II) 
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TABLE 1V' ; Continued 



Description of Reconstituting 
Solution Used 



Lowest Concentration^ Endotoxin 
Solution Capable of Producing A 
Positive Solid Clot Reaction 
(Nanograms/ml.) 



Manganous chloride at a 
concentration of 0.00625 M; 
and imidazole at a concentration 
ofO.125 M. 

Strontium chloride in a concentra- 
tion of 0.2 M. 

Strontium chloride in a concentra- 
tion of 0.05 M. 

Strontium chloride in a concentra- 
tion of 0.0125 M. 

Strontium chloride in a concentra- 
tion of 0.2 M in "Tris" buffer 
solution having a pH of 9,3. 

Strontium chloride in a concentra- 
tion of 0. 1 Min "Tris" buffer 
solution ofapH of 9.3. 

Strontium chloride in a concentra- 
tion of 0.0125 M in "Tris" 
buffer solution with a pH of 9.3. 

"Tris" buffer solution control 
for strontium chloride data 
(pH9.3). 

Barium chloride in a concentra- 
tion of 0.2 M 

Barium chloride in a concentra- 
tion of0.05Min"Tris" 
buffer solution having a pH of 
9.55. 

Barium chloride of a concentra- 
tion of 0.025 Min "Tris" 
buffer solution having a pH of 
9.55. 

Barium chloride in a concentra- 
tion of0.00625 Min "Tris" 
buffer solution having a pH 
of9.5 

"Tris" buffer control for 
barium chloride data (pH 9.55) 

0.02 M cysteine . HC1, neutralized 
to pH 7. 1 5 with 5 N sodium 
hydroxide solution. 



0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.097 (Solution No. 11) 

0.048 (Solution No. 12) 

0.048 (Solution No. 12) 

0.048 (Solution No. 12) 

0.39 (Solution No. 9) 

0.195 (Solution No. 10) 

0.097 (Solution No. 11) 

0.097 (SoiutionNo.il) 

0.195 (Solution No. 10) 

0.39 (Solution No. 9) 

0.195 (Solution No. 10) 



12 
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TABLE IV 


Continued 




Description of Reconstituting 
Solution Used 


Lowest Concentration of Endotoxin 
Solution Capable of Producing A 
Positive Solid Clot Reaction 
(Nanograms/ml.) 


Lithium chloride in a concentra- 
tion of 0.2 M. 


0.195 


(Solution No. 10) 


Lithium chloride in a concentra- 
tion of 0.1 M. 


0.097 


(Solution No. 11) 


Lithium chloride in a concentra- 
tion of 0.05 M 


0.097 


(Solution No. 11) 


Lithium chloride in a 
concentration of 0.025 M. 


0.195 


(Solution No. 10) 


Lithium chloride in a concentra- 
tion of 0 2 M in "Tris" 
buffer solution of pH 9.55. 


0.097 


(Solution No. 11) 


Lithium chloride in a concentra- 
tion of 0.05 M in "Tris" 
buffer solution of nH 9 55 


0.097 


(Solution No. 11) 


Lithium chloride in a concentra- 
tion of 0.0125 M in "Tris" 
buffer solution of pH 9.55. 


0.195 


(Solution No. 10) 


"Tris" buffer solution 
control for Lithium chloride 
data (pH 9.55). 


0.39 


(Solution No. 9) 


Magnesium chloride in a 
concentration of 0.0125 M in 
sterile water, and less than 
0. 1 mole per liter of Na + ions. 


0.097 


(Solution No. 11) 


Magnesium chloride in a 
concentration of 0.05 M in 
sterile water, and less than 
0. 1 mole per liter of Na + ions. 


0.048 


(Solution No. 12) 


Magnesium chloride in a 
concentration of 0.2 M in 
sterile water, and less than 
0. 1 mole per liter of Na* ions. 


0.097 


(Solution No. 11) 


Magnesium chloride in a 
concentration of 0.05 M in 
0.0125 "Tris" buffer solution 
(pH 8.10), and less than 0. 1 M 
per liter of Na + ions. 


0.097 


(Solution No. 1 1) 



WHAT WE CLAIM IS:— 

1. A Linuthts lysate solution having improved capacity to precipitate in the 
presence of extremely low concentrations of endotoxin, the solution including 
$ sufficient of one or more of the following compounds to serve as a catalvst (as 
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herein defined): imidazole, ionic manganese, an organic disulfhydryl compound, 
ionic strontium, ionic barium, an organic monosulfhydryl compound ionic lithium 
and tonic magnesium. 

2. A Limulus lysate solution according to Claim 1, wherein the organic 

5 disulfhydryl compound is Cleland's reagent. 5 

3. A Limulus lysate solution according to Claim 1, wherein the organic 
monosulfhydryl compound is cysteine. 

4. A Limulus lysate solution according to Claim 1 containing from 0.004 to 0.4 
mole of imidazole per litre. 

10 5. A Limulus lysate solution according to Claim 2 containing from 0.01 to 0.3 10 

mole of imidazole per litre. , 

6. A Limulus lysate solution incorporating imidazole according to Claim 1, 4 
or 5, containing from 0.005 to 0.3 mole of Li + ions per litre. 

7. A Limulus lysate solution according to Claim 6, containing from 0.03 to 0.15 

15 moles of Li + ions per litre. . . - rtrtf A ~ 15 

8. A Limulus lysate solution according to Claim 6 containing from 0.01 to 0.2 
mole of Li + ions per litre. . 

9. A Limulus lysate solution according to Claim 6, 7 or 8, wherein the Lr ions 
are added in the form of lithium chloride. 

20 10. A Limulus lysate solution incorporating imidazole, according to Claim 1,4 20 

or 5, containing from 0.005 to 0.3 mole of Mg ++ ions per litre. 

1 1. A Limulus lysate solution according to Claim 10, containing from 0.01 to 
0.1 mole of Mg++ ions per litre. m . 

12. A Limulus lysate solution incorporating imidazole, according to Claim I, 

25 4, 5, 10 or 1 1, containing from 0.0005 to 0.008 mole of (thioglycoltate)- ions per 25 

13. A Limulus lysate solution according to Claim 12, in which said 
(thioglycollate)" ions are added to said solution in the form of sodium 
thioglycollate. . 

30 14. A Limulus lysate solution incorporating imidazole, according to Claim 1,4 30 

or 5, containing from 0.005 to 0.3 mole of Sr ++ ions per litre. 

15. A Limulus lysatelsolution according to Claim 14, containing from 0.02 to 
0.15 mole of Sr ++ ions per litre. ,,. 

16. A Limulus lysate solution according to Claim 12 or 13 containing from 0.02 

35 to 0.03 mole of Mg ++ ions; 0.02 to 0.03 mole of imidazole; and 0.001 to 0.002 mole 35 
of (thioglycollate)" ions, per litre. 

17. A Limulus lysate solution according to Claim 10, II or 16 in which the 
Mg ++ ions are added in the form of magnesium chloride. 

18. A Limulus lysate solution according to Claim 1 containing from 0.005 to 

40 0.1 mole of ionic manganses per litre. 40 

19. A Limulus lysate solution according to Claim 18 containing from 0.01 to 
0.04 mole of Mix** ions per litre. 

20. A Limulus lysate solution according to Claim 19 in which said Mn ++ ions 
are added in the form of manganese chloride. 

45 21. A Limulus lysate solution according to Claim 2, containing from 0.00005 to 45 

0.0005 mole of Cleland's reagent per litre. 

22. A Limulus lysate solution according to Claim 21 containing from 0.0001 to 
0.0003 mole of Cleland's reagent per litre. 

23. A Limulus lysate solution according to Claim 1 containing from 0.005 to 

50 0.4 mole of Sr* + ions per litre. 50 

24. A Limulus lysate solution according to Claim 23 containing from 0.01 to 
0.3 mole of Sr** ions per litre. 

25. A Limulus lysate solution according to Claim 24 in which the Sr ++ ions are 
added in the form of strontium chloride. 

55 26. A Limulus lysate solution according to Claim 1 containing from 0.005 to 55 

0.3 mole of Ba ++ ions per litre. 

27. A Limulus lysate solution according to Claim 26, containing sufficient 
"Tris" buffer to provie a pH of 7 to 10. 

28. A Limulus lysate solution according to Claim 3 containing from 0.005 to 

60 0.3 mole of cysteine per litre. . 60 

29. A Limulus lysate solution according to Claim 28 in which said cysteine is 
added in the form of cysteine hydrochloride neutralized with an alkali such as 
sodium hydroxide. 

30. A Limulus lysate solution containing an organic monosulfhydryl . 
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compound, according to Claim 1, 28 or 29, additionally containing magnesium 

l0nS 3 1 A Limulus lysate solution according to Claim 1 containing from 0.2 to 2 per 
cent by weight of water-soluble magnesium salt and from 0.02 to 0.2 per cent by 
5 weight of one of the following organic monosulfhydryl compounds: cysteine, alkali * 
metal thioglycollate salts and 2-thioamino uracil. 

32. A Limulus lysate solution according to Claim 31 in which said magnesium 

salt l ^^ n ^^J Jy ° ^/solution according to Claim 31 or 32 in which said 
10 monosulfhydryl compound is sodium thioglycollate. ™ 
34 A Limulus lysate solution according to Claim 33. containing about^5 per 
cent by weight of magnesium chloride and about 0.05 per cent by weight of sodium 

tlli ° g 35 C °k*Umulus lysate solution according to Claim 1, containing from 0.005 to 15 
15 0.3 mole of Li + ions per litre. m . d . a ai 

36. A Limulus lysate solution according to Claim 35 containing from 0.03 to 
0.15 mole of lithium chloride per litre of solution. 

37 A Limulus lysate solution according to Claim 1, containing ionic 
magnesium and further containing no more than 0.1 mole per litre of ^um rons. 
20 38. A Limulus lysate solution according to Claim 37, containing from 0.005 to 

0 3 mole of Mg ++ moles per litre. _ . r 

39. A L/mw/w lysate solution according to Claim 38 which is tree oi 

hyd ^!^^^\h^ solution according to Claim 1 additionally including no ^ 
25 more than 0.1 mole per litre of sodium ions. . 
25 more 4 [7\^ w to lys P ate solution according to Claim 1 or 40, wherein the solution 

includes 0.005 to 0.3 mole of Mg + + ions per litre of solution. # 

42. A L/mwto lysate solution according to Claim 1 , 40 or 41 in which the Mg" 

ions are present in the form of magnesium chloride. 
30 43. A Limulus lysate solution according to Claim 1 , 40, 41 or 42 which is free of 

hydroxyalkylamines. 

ERIC POTTER & CLARKSON, 
Chartered Patent Agents, 
14 Oxford Street, 
Nottingham. 
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